The studies in recent decades show that many natural disasters such as tropical severe storms, hurricanes development, torrential rain, river flooding, and landslides in some regions of the world and severe droughts and wildfires in other areas are due to El Nino-Southern Oscillation (ENSO). This research aims to contribute to an improved definition of the relation between ENSO and seasonal (autumn and winter) variability of rainfall over Iran. The results show that during autumn, the positive phase of SOI is associated with decrease in the rainfall amount in most part of the country; negative phase of SOI is associated with a significant increase in the rainfall amount. It is also found that, during the winter time when positive phase of SOI is dominant, winter precipitation increases in most areas of the eastern part of the country while at the same time the decreases in the amount of rainfall in other parts is not significant. Moreover, with negative phase of SOI in winter season the amount of rainfall in most areas except south shores of Caspian Sea in the north decreases, so that the decrease of rainfall amount in the eastern part is statistically significant.
Introduction
Islamic Republic of Iran has arid and semiarid climates and for which the occurrence of rainfall is unreliable. The country's average annual precipitation is estimated about 250 mm which is less than a third of the world's average precipitation. Two mountain ridges, the Alborz and Zagros, which run from northwest corner to east and southeast of the country, play an influential role in amount and special distribution of precipitation. While the total annual precipitation in mountainous areas and south shores of the Caspian Sea is more than 1500 mm, the central and southern parts of Iran have less than 60 mm of precipitation annually. Droughts and floods, which are common in many parts of the country, can significantly effects the people lives, agriculture, livestock, forestry, water resources, tourism construction, industry and many other local activity. It has long been a matter of debate whether and how the El Nino Southern Oscillation (ENSO) warm and cold extremes influence Iranian rainfall. An early study by Nazemosadat (1999) shows the impacts of ENSO on the occurrence of autumnal drought in Iran [1] . Later work by Nazemosadat and Cordery revealed that the autumn rainfall in Iran negatively is correlated with ENSO [2] . Their relationships were found to be strongly and consistent over the southern foothills of the Alborz mountains, northwestern districts and central areas. In another study he (Nazemosadat, 2001) found that for the main parts of Iran, winter average SOI positively related with winter rainfall, but for a few stations cold events generally were coincided with low rainfall (drought). The other study, Soltani and Gholipor, evaluate lag-correlation between ENSO and rainfall and temperature in some selected Iranian stations with contrasting climates [3, 4] . They found that the rainfall is negatively correlated with both SOI and NAO. A number of papers have indicated the ENSO related rainfall anomalies are found at a nation-wide scale in Mediterranean and Middle East regions also in other periods of the year [5] [6] [7] [8] [9] . Since autumn and winter rainfall contributes a major portion of Iranian water resources, the shortage of rainfall during these seasons are most important. Therefore, this paper aims to contribute to an improved definition of the relation between ENSO and seasonal (autumn and winter) variability of rainfall over Iran.
Index (SOI, one of the ENSO indicators) and monthlymean rainfalls are used. Monthly values of SOI index have been prepared for a 46-year period from the Climate Prediction Center of the International US Weather organization [10] .
The monthly-mean rainfalls have been taken for 40 synoptic stations, from Iran Meteorology Organization (IMO) website [11] . The desired stations have been selected based on the maximum duration and the least amount of missing data. The missing data are not reconstructed and are not considered in the calculations. Due to the unavailability of data, the record length of the precipitation time series was not consistent for all stations, varying from 35 to 46.
Methodology
The basic data used in this study were three-monthly mean rainfalls and the SOI index. The time series of autumn and winter rainfalls was obtained by averaging the 3-month values of precipitation. Best results were obtained by defining autumn from October to December (OND) and winter from January to March (JFM) [2] . The same averaging procedure was performed to provide the seasonal time series of SOI data. To investigate the impact of ENSO on precipitation, the following steps are performed, respectively.
1) The positive and negative phases of SOI in each season are considered as the mean seasonal of this index and arranged in descending order ( Table 1) .
2) Then, one third of the highest and the lowest values of the SOI data are chosen as the positive and the negative phases of SOI, respectively. Therefore, during the studied period, 15 years are selected as the positive, 15 years as the negative and the remaining 16 years are selected as the neutral period of SOI.
3) In each year the average long-term seasonal precipitation in autumn and winter for all stations are calculated separately and represented by the symbols JFM R and This param at the a n eter indicates th verage precipitatio du (lo ring the dominance of positive SOI phase is higher wer) than the average precipitation in negative SOI. e average precipitation in the positive phase of SOI is higher (lower) than the mean longterm precipitation in that season. When the values of this ratio are equal to 1, it shows that the SOI phenomenon has no effect on increasing or decreasing of rainfalls.
For example, in Abadan, the average precipitation the ratio of the average and 1.15, respectively. This means th e on is an or in precipitation adan that during of El Nino negative phase in winter is accompanied by decrease in precipitation by more than 20 percent than the long-term average. 7) In order to determine the occurrence probability of seasonal dry and wet periods during the positive and negative SOI phases, in eac ars during the positive SOI phase whose precipitations are less than or equal to the average precipitation of that station in autumn are calculated as the occurrence probability of dry period for positive phase. Also, the percentage of years concurrent with dominance of negative SOI phase in the autumn whose precipitations are less than or equal to the average autumn precipitation are calculated as the occurrence probability of wet period for the negative SOI phase. The occurrence probability of dry period for negative SOI phase in winter are the percentage of years concurrent with dominance of negative SOI phase whose precipitations is less than or equal to the average long-term precipitation in winter. The occurrence probability of wet period during the negative SOI phase in winter are the percentage of years concurrent with dominance of positive SOI phase whose precipitations is less than or equal to the average long-term precipitation.
8) To evaluate significant differences in precipitation values during the positive and negative SOI phases, two indicators have a) Non-parametric Mann-Whitney test [12] that indicate in which stations the changes of SOI phase from positive to negative cause signifi tation. In this method, significant differences between the two groups of independent variables (precipitation values during the negative phase in group 1, positive phase in group 2) are evaluated. Therefore, at each station, during the positive or negative SOI phases, the precipitation values are ranked and the mean difference ranks are evaluated in each phase separately, and the significant levels of this difference is determined. P-value smaller than 0.05 indicates that there is a significant difference between precipitation values during the two SOI phases at the significance level of 95%. In other words, the significance of this test at each station shows the significant effect of SOI in occurrence of dry or wet periods. For example, in autumn in Ahwaz station, the precipitation rank during the negative and positive SOI phases are 18.80 and 12.20, respectively. P-value of this test is equal to 0.04 indicating a significant difference between the two above ranks. In other words, the displacement of SOI phases in autumn is a significant factor in the changing of winter precipitation in Ahwaz station. Higher rank of precipitation during the negative phase than the positive phase reflects the effect of dominance of negative phase in increasing precipitation values than the positive phase.
b) The exact non-parametric Fisher's test that specifies the significant relationship between the occurrences of dry and wet periods du ases [13] . In this test, dry and wet periods in each season are separately assessed with dominance of positive and negative SOI phases, respectively [P1]. To this end, a table with two rows and two columns (2 × 2) is prepared for each season at each station. The columns represent the positive and negative phases, and the rows indicate the frequency of dry and wet periods. It should be noted that in wet periods, the average precipitation for each phase is higher than the average long-term seasonal, and in dry periods, the average long-term for each of the phases is lower than the long-term average. If the average of each phase is equal to the average long-term, it shall be considered a dry period contractually. For example, for Ahwaz station, concurrent with dominance of the positive phase, the frequencies of drought and wet are 9 and 6 years, respectively. Similarly, the number of wet and dry periods during the negative phase are 10 and 5 years, respectively. The significance level of this test at 95% indicates statistical effects of positive and negative SOI phases in occurring wet and dry periods, respectively. In order to determine the regional distribution of precipitation in positive and negative SOI phases, interpolation is used. Dirks et al. [14] showed that interpolation is one of the best ways to determine the regional precipitation in catchment. There are many ways for interpolation such as Kriging, Spline, IDW2 [15] . Lancaster and Salkauskas [16] expressed that the data which are located in a less spatial distance from each other are more similar to each other than further points and accordingly, the IDW method was founded an appropriate method. In this study, precipitation oscillations in positive and negative phases of SOI in Iran are displayed in the GIS software. For this purpose, first a database associated with the ratios obtained from each station in each month and each phase is prepared in scale of 1:11,000,000.
Discussion
ositive to the negative phase of precipitation during the p precipitation and autumn water resources. Kashan and Semnan stations in which this ratio is 5% larger than one, the Mann-Whitney test results ( Table 2) are not significant, so, the importance of positive SOI phase is not accompanied by occurrence of a wet period in any region of Iran. The geographical distribution of occurrence probability of dry autumn period during the positive SOI phase in the different regions of the country is presented in Figure 3 . The highest probability of drought in autumn during the positive SOI phase is associated with Sagghez, Iranshahr and Sanandaj. In these regions, during the positive SOI phase, the probability of dry periods is about 90 to 100 percent. In most areas of North West and South East and some of the southern regions, the probability of dry periods is about 55 to 75 percent. The least probability is related to Gorgan station in the eastern coast of the Caspian Sea (about 50%), and there is no significant difference between the occurrence probability of dry and wet periods in this region with the occurrence of positive and negative SOI phases. of the Caspian Sea and the North West of the country, it is slightly larger than one. The highest value related to the eastern half of the country (1.11 -1.17) that is lead to 10 to 20 percent increase in precipitation. In most regions of Central, South West, West and North regions of the country during the positive SOI phase in winter, the ratio ranges from 1.01 to 1.10. In some areas of North West as well as Tehran, Isfahan and Shahrekord during the positive SOI phase, this ratio is in the range of 0.88 -1.00. The MannWhitney and Fisher test are for these stations positively correlated with SOI and for other areas small increase or decrease of precipitation is not significant ( Table 2) . So, it can be said that dominance of positive SOI phase has a significant effect on precipitation and water resources in the eastern half graphical distribution of the occurrence probability of wet periods during the positive SOI phase in different parts of the country. The most probability of wet in winter during the positive SOI phase is associated with areas located in the eastern half of the country. In these regions, during the positive SOI phase, 60 to 75 percent of winter precipitation do increase. In some areas in North West and West, the occurrence probability of wet winter periods during the positive SOI phase is very low and is about 35 percent. In other areas located at the western half of the country, this probability is higher and is about 50 to 60 percent. The Fisher's exact test results in Figure 7 show that low occurrence probability of wet periods during the positive SOI phase is not significant in western areas of the country. Figure 8 shows the geographical distribution of the ratio of average winter precipitation during the negative SOI phase to the average long-term precipitation of the country. Figure 7 shows the geo- In most areas of the country except the coastal regions of the Caspian Sea, it is less than one. In other words, in all regions except the coast of the Caspian Sea during the negative SOI phase in winter, average precipitation is less than the average long-term winter, and dry periods are prevailing. In eastern half and South West of the country, this ratio has the lowest values (0.35 -0.70). These during the negative SOI phase, the water resources in west, north west and northern regions of the country is reduce to the ratio in these areas is about 0.7 -1.00 for the coastal area of Caspian sea, during the SOI negative phase ,which to 80% precipitation has been increased. Mann-Whitney test revealed no significant difference ( Table 2 ). Figure 9 shows the geographical distribution of occurrence probability for winter dry periods during the negative SOI phase. In all regions except the coastal regions of the Caspian Sea, the occurrence probability of wintry dry periods is very high. In most regions at the eastern half of the country except South East, this probability is the highest (85 to 100 percent). In South East, t.
Negative SOI Phase
In the coastal regions of the Caspian Sea and North West areas, the occurrence probability of dry periods during the negative SOI phase reaches 20 to 55 percent. It should be noted that the occurrence probability of dry periods is only acceptable for areas that exact Fisher's test are significant ( Figure 5) . In other words, with the probably of 70 to 100 percent, dominance of negative SOI phase in the eastern half of the country, dry period is dominant and in other regions of the country, such probability is not significant.
Conclusion
In this study, the seasonal precipitation variations for the autumn and winter in the country according to the Southern Oscillation index and for 46-year time period has been studied. The obtained results for the seasons can be summarized as follows. increase is more significant in the south east region of the country. The highest probability of drought (about 90 percent) is related to Saghez, Iranshahr and Sanandaj station. During the negative SOI phase, the precipitation values increase compared to their average long-term.
Autumn
This reduction is more significant in the southern and central region of the country. Its maximum (about 90 to 100 percent) is related to Bam stations.
During the negative SOI phase, the precipitation values increase only in small areas around Iranshahr and Kerman stations which are not significant based on Mann-Whitney and are negligible in regional analysis.
Winter
During the positive SOI phase, in all regions except the coastal regions of the Caspian Sea and the North West, the precipitation values are increased compared to their average long-term. The maximum increase (about 10 to 20 percent) is associated to the period concurrent with dominance negative phase in 40 try.
In the most of central regions, South West, West and North regions of the country, this increase is less than 10% and in other areas, the precipitation value is unchanged or reduced. Mann-Whitney and Fisher statistical tests for areas where the precipitation increase are significant and for other cases are not significant.
During the negative SO the coast of the Ca is less than their av
The maximum reduction (about 30 to 65 percent) is related to all areas in the eastern and southwestern half of the country.
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